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The Workload Control (WLC) concept is one of few Production Planning and Control (PPC) solutions
appropriate for Make-To-Order (MTO) companies yet its successful implementation is an enduring
challenge. Most implementations reported are in large organisations yet it has been argued that WLC is
particularly suitable for Small and Medium sized Enterprises (SMEs) with limited ﬁnancial resources.
Moreover, previous studies do not adequately describe the process through which implementation
success was achieved. In this paper, data collected through semi-structured face-to-face interviews
with key personnel from 41 companies is presented in order to build up a body of evidence on the
characteristics of MTO SMEs that affect WLC implementation. The data paints a complex picture of MTO
production and suggests that research is likely to be required to move theory closer to practice and
organisational change to move practice closer to theory. The former is recommended where processes
perform well or appear difﬁcult to change; the latter is recommended where fundamental WLC
principles are involved. Two outputs emerge from the study: (1) a research agenda for reﬁning the WLC
concept to improve alignment between theory and practice, covering the customer enquiry, order
entry, design and engineering and order release stages; and (2) an implementation strategy, including
elements of organisational change and covering pre-implementation, implementation and postimplementation stages. The characteristics of MTO SMEs identiﬁed should be used in future research
to develop more realistic simulations for testing conceptual reﬁnements while ﬁeld research should
apply and extend the implementation strategy presented in order to develop a more detailed roadmap
for successful WLC implementation in practice.
& 2011 Elsevier B.V. All rights reserved.
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1. Introduction
Workload Control (WLC) is one of few Production Planning and
Control (PPC) concepts suitable for Make-To-Order (MTO) companies (Henrich et al., 2004a; Stevenson et al., 2005). It is also
particularly relevant to Small and Medium sized Enterprises
(SMEs) with limited ﬁnancial resources (Land and Gaalman,
2009); such companies play important roles in supply chains
(Hendry, 2006). Nonetheless, very few successful implementations of WLC in MTO SMEs have been described in the literature.
Implementations have tended to be in large, sometimes atypical
companies; for example, the implementation of WLC in a large
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manufacturer of plastic leaves (Bechte, 1988). When researchers
have attempted to implement WLC in MTO SMEs, they have
encountered signiﬁcant difﬁculties which have either delayed or
halted the project (e.g., Hendry et al., 1993; Stevenson, 2006);
there are two key reasons for this. First, because of a misalignment between theory and practice: WLC has been largely developed through simulations of simple systems while ﬁeld
researchers have encountered more complex systems; these
complex systems present challenges that theoretical developments of the concept have not considered in sufﬁcient depth,
e.g., rush orders and sequence dependent set-up times. Second,
because a detailed strategy to guide successful implementation
has not been developed: while authors like Bechte have reported
impressive reductions in lead times and Work-In-Process (WIP),
they have rarely given adequate insight into how success was
achieved.
Recent research has begun to identify issues affecting WLC
implementation in MTO SMEs and describe how the concept must
be reﬁned to meet the needs of practitioners (e.g., Hendry et al.,
2008; Stevenson and Silva, 2008). Thus far, this has been based on
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comparative analysis of two cases at-a-time, thereby limiting the
generality of ﬁndings. There is a need to build up a larger body of
evidence on the characteristics of MTO SMEs in order to investigate implications for the development of WLC and a strategy
for its implementation. This will improve the ﬁt between theory
and practice and support more widespread adoption of WLC.
This paper contributes by collecting cross-sectional data on
the characteristics of MTO SMEs through semi-structured interviews in 41 companies. It uses this evidence to outline a future
research agenda and propose an initial implementation strategy
for WLC.
The remainder of the paper is organised as follows. Section 2
brieﬂy introduces the WLC concept before providing a review
of previous WLC implementations and issues affecting WLC
implementation. Section 3 outlines the research method before
Section 4 analyses evidence from the companies. Section 4 is split
into three subsections; each ends by identifying contributions to the
overall research agenda and implementation strategy. The research
agenda and implementation strategy are summarised in Section 5
before the paper concludes with Section 6.

2. Literature review
Many WLC methods are described in the literature; the most
comprehensive consist of four planning stages and control a
three-tiered hierarchy of workloads (the total, planned and
released workload). First, the customer enquiry stage takes place
between a customer making a request for quotation and an order
being accepted/rejected (Kingsman et al. 1996). It includes
determining whether to bid for an order and, if so, what the
Due Date (DD) and price should be. A proportion of the workload
of unconﬁrmed jobs may be incorporated in the total workload of
the shop based on the probability of winning a tender (Kingsman
and Mercer, 1997). Second, order entry begins with order acceptance/rejection and includes pre-production preparation for conﬁrmed orders (e.g., checking material availability); if an order is
accepted, it is incorporated in the planned workload. Third, order
release, where the key decision is when to begin production; jobs
are held in a pre-shop pool and considered for release, e.g.,
according to shortest slack or latest release date. The load of a
job is compared with the current load and limits of work centres
and, if one or more limits would be exceeded by releasing the job,
it is retained in the pool until the next release date; otherwise, the
job is released and its load contributes to the released workload of
the work centres. Various order release methods have been
proposed in the literature; the main difference between the
approaches is how they treat the indirect load at release
(see Land and Gaalman, 1998). Finally, shop ﬂoor dispatching;
given the control of the above three stages, only simple dispatching rules are required and responsibility for this stage can be
handled by the shop ﬂoor supervisor.
From the above it follows that key WLC decisions relate to
input control, including: DD quotations; job acceptance; when to
start a job (i.e., the release decision); and order progress control
on the shop ﬂoor (i.e., through simple priority dispatching). In
addition, WLC emphasises the use of output control through
capacity adjustments. Fundamental principles underpinning
WLC include: control the total input rate of work in accordance
with the output rate; restrict and control the amount of work on
the shop ﬂoor, and, stabilise throughput times as customers value
reliability.
Section 2.1 reviews literature on the results of WLC implementation before Section 2.2 reviews research which highlights
issues affecting implementation, based on pre- and postimplementation analysis. The review concludes with an overall

assessment in Section 2.3. For a detailed description of WLC,
see Land and Gaalman (1996) and Thürer et al. (in press).

2.1. WLC in practice: implementation results
The most successful applications of WLC are arguably those
presented by Bechte (1988, 1994)and Wiendahl et al. (1992),
where a WLC method known as Load Oriented Manufacturing
Control (LOMC), featuring Load Oriented Order Release (LOOR),
was implemented. This work demonstrated that WLC can
improve performance in practice but made little contribution to
our understanding of the implementation process. First, Bechte
(1988) implemented LOMC in a large manufacturing company
producing plastic leaves, reporting reductions in WIP and lead
times. Bechte only brieﬂy touched on the issue of start-up effects:
it will take time to capture the current shop status and for
appropriate parameters to be determined. Second, Wiendahl
et al. (1992) presented two case studies where software based
on LOMC had been implemented. Both were large companies:
a printed circuit board manufacturer and a pump producer.
Reductions in WIP and lead times were observed in both cases.
Finally, Bechte (1994) presented the case of a pump producer –
potentially the same producer referred to in Wiendahl et al.
(1992) – again noting reductions in WIP and lead times. The only
implementation issues identiﬁable in the paper relate to software: a new software calendar had to be installed for lead time
calculations and backward scheduling along with new work
centre and transaction data ﬁles.
Two additional successful applications by Fry and Smith
(1987) and Wiendahl (1995) provide a starting point towards an
implementation strategy. First, Fry and Smith (1987) outlined a
6-stage implementation guide; however, this did not generate a
comprehensive list of detailed issues that must be addressed.
Second, Wiendahl (1995) also provided six steps; the ﬁrst ﬁve
being pre-implementation or preparatory steps: (1) manufacturing analysis; (2) manufacturing process improvement; (3) feedback
accuracy improvement; (4) monitoring system; and (5) checking
present manufacturing control. The sixth stage is the implementation of load oriented manufacturing control. Wiendahl (1995) also
explained that companies must give up ‘traditional concepts’ of
manufacturing. In other words, successful implementation may
hinge on overcoming cultural issues within a company; however,
more detailed information on the process of implementing WLC,
and which considers other WLC approaches than LOMC, is still
required.
Research has also demonstrated that performance improvements can be achieved when WLC is embedded within existing
working practices. Park et al. (1999) implemented WLC software
for the customer enquiry stage in a large rotating machinery shop.
This helped managers set feasible DDs but only considered the
current load of the bottleneck machine; the company’s existing
release policy was retained. Similarly, Riezebos et al. (2003)
introduced LOMC principles into a small manufacturer of corrugated cardboard packing material. An order acceptance policy was
introduced with lead time reductions reported; again, the company’s existing release policy was retained. Further empirical
studies, where implementation success was inconclusive, have
been presented, e.g., Tatsiopoulos (1983), Hendry (1989), Hendry
et al. (1993), Stevenson (2006) and Silva et al. (2006). Some of
these papers made more of a contribution to understanding the
implementation process for WLC. For example, Hendry (1989)
and Hendry et al. (1993) identify pitfalls encountered, such as
selecting an inappropriate end-user for a WLC system, but without describing in detail how these pitfalls could be overcome.
More recently, Silva et al. (2006) developed WLC software which
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incorporated web functionality to improve accessibility for multiple users. Stevenson and Hendry (2007) also explored webfunctionality but to integrate supply chain partners.

2.2. WLC implementation issues: pre- and post-implementation
analysis
Two contributions to understanding issues affecting implementation – by Henrich et al. (2004a) and Land and Gaalman
(2009) – focused on the pre-implementation stage. First, Henrich
et al. (2004a) developed a framework for assessing the applicability of WLC to a company. Twelve best-ﬁt indicators or
characteristics were presented which could be compared against
a company’s characteristics to assess whether WLC was suitable;
the better the match with the indicators, the more likely that WLC
would be suitable. The framework focused on product and
production process characteristics, such as: long routings; convergent routings (e.g., for sub-assemblies); an order book made
up of a small number of large jobs; large processing times; and,
tight DDs. The framework was tested on one medium-sized MTO
company, demonstrating it to be a useful systematic approach for
gauging the applicability of WLC. For example, in the application,
set-up times were considered ‘too high’; hence, they would have
to be reduced before WLC could be implemented. While the paper
provides a useful examination of factors affecting the suitability
of WLC, the set of factors is quite narrow in scope. Moreover,
assessment begins at the order review and release stage while, for
MTO applicability, the customer enquiry stage is also important
as the characteristics of jobs can vary greatly and DDs must be
determined individually.
Second, Land and Gaalman (2009) installed a scanning system
in seven MTO SMEs to collect order progress data (without
implementing any PPC changes). The data was used to identify
root causes of poor logistic (or delivery) performance. Analysis
used throughput diagrams (Wiendahl, 1995) and order progress
diagrams (Soepenberg et al., 2008), highlighting the contribution
of the Design and Engineering (D&E) stage (after order entry) to
the overall lead time; in many cases, engineers did not have a
clear understanding of their workload or capacity. As a result, late
availability of materials was a common cause of late order
completion. The authors called for more research into PPC concepts of relevance to MTO SMEs and into how pre-production
processes could be incorporated into PPC concepts such as WLC.
As in Henrich et al. (2004a), order acceptance was the starting
point of the analysis while the authors noted the limited generality of ﬁndings from just seven cases.
Two contributions – by Stevenson and Silva (2008) and Hendry
et al. (2008) – focussed on post-implementation rationalisation,
reﬂecting on experience and identifying issues for future research.
First, Stevenson and Silva (2008) presented comparative case
study analysis of two implementations of the same WLC methodology (based on Hendry, 1989) in two SMEs. The companies
were compared based on: demand data (e.g., demand variability
and rush orders); current planning procedures (e.g., for customer
enquiries); production process and shop ﬂoor characteristics (e.g.,
bottlenecks); product characteristics (e.g., routing length and
processing times); capacity management (e.g., capacity ﬂexibility); and technical aspects (e.g., soft/hardware availability). The
paper considered how WLC was reﬁned during the two implementations and categorised reasons for reﬁnements into: reﬁnements due to the time elapsed since the development of the
original methodology (e.g., advances in WLC research and technology since 1989); and, reﬁnements due to company characteristics. For the latter, reﬁnements were split into those likely to
have resulted from idiosyncratic characteristics and those which
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were more likely to be generic. A number of implementation
challenges were also highlighted, including: meeting the data
requirements of WLC and the need to increase awareness of WLC
in practice. The paper provided an insight into the range of
company characteristics affecting WLC but was based on just
two cases. Hence, while supposedly generic reﬁnements were
proposed, the true generality of these could not be assessed.
Second, Hendry et al. (2008) conducted comparative case
study analysis of issues that arose while implementing WLC in
two SMEs: one capital goods manufacturer (MTO company); and
one precision engineering subcontractor (Engineer-To-Order
(ETO) company). The paper identiﬁed 17 issues related to: the
market/customer (e.g., rush orders); production process (e.g.,
routing direction); WLC system (e.g., start-up issues, such as data
availability); organisational embedding (e.g., awareness of WLC);
and, information ﬂow (e.g., feedback processes). Responses to the
issues were presented and areas in need of further research
identiﬁed. The relevance of the 17 issues to another company
has been assessed during the ongoing implementation of WLC
described by Huang et al. (2008), where 12 of the 17 issues were
particularly signiﬁcant. However, in some cases the responses
were different while Huang et al. (2008) also identiﬁed issues not
included in the original list, such as uncertainties affecting order
progress after release. The need for managerial support and
project championing during WLC implementation was also highlighted. This demonstrates the need to collect data on issues
affecting WLC implementation from more companies if a broadly
applicable strategy is to be developed.
A ﬁnal key contribution to understanding issues affecting WLC
implementation was provided by Perona and Miragliotta (2000)
before any of the above four papers were published. Perona and
Miragliotta (2000) collected data on company characteristics
through interviews with production managers to assess the
applicability of WLC simulation results to real-life job shops.
Unlike the above, where few companies were considered, Perona
and Miragliotta (2000) collected data on 30 companies: 20 SMEs
and 10 large organisations. Characteristics considered included:
machine features; overall shop features; order features; and
demand patterns. The authors noted signiﬁcant differences
between the characteristics of WLC simulations and real-life job
shops, questioning the practicality of much WLC research. For
example, the authors highlighted practical issues not considered
in simulation: large jobs may be split; alternative routings are
common; and, shops tend to be larger and more complex in terms
of demand, product structures, set-ups, etc. The authors also
noted that while WLC research tends to focus on performance
in terms of DD adherence, throughput, etc., managers are also
interested in issues such as ease of use and robustness. The paper
provided a rare glimpse into the characteristics of real-life job
shops but did not consider the customer enquiry stage.

2.3. Assessment of the literature
Section 2.1 demonstrated that WLC can improve performance
when implemented successfully either as a comprehensive solution or when embedded within existing procedures. However,
given the intensity of in-depth case or action research, most
contributions are based on single cases, meaning the total number
of cases is few. Moreover, only limited insight is provided into
factors affecting implementation, and scarce attention is given to
SMEs. Research reviewed in Section 2.2 considered factors affecting the ability to apply WLC in practice; however, it has either
considered too narrow a range of factors or been based on a
small number of cases, limiting generality. Nonetheless, taken
together, it identiﬁes a wide range of factors that may limit the
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applicability of existing WLC theory and present implementation
challenges that must be addressed. WLC is particularly relevant to
MTO companies and to SMEs, for which other planning solutions
are unsuitable and/or too expensive to implement (e.g., commercially available Advanced Planning and Scheduling (APS) systems). Furthermore, SMEs may present different challenges to
the implementation of new concepts such as WLC than large
organisations, meaning that they require speciﬁc attention.
From the above it follows that further research is required
which explores a broad range of factors that affect WLC implementation, including those relevant at the customer enquiry
stage, across a larger number of companies but with a particular
focus on MTO SMEs.

3. Research method: cross-sectional case study approach
This study investigates factors affecting WLC implementation
in MTO SMEs. Most previous empirical WLC studies have been
conducted over time with a single organisation thereby providing
depth but lacking breadth and the external validity and generality
of results produced by large samples (Voss et al., 2002). This study
represents the ‘best-of-both-worlds’: it is a cross-sectional study
which captures a detailed ‘snapshot’ of many companies. It begins
with the following research questions:

 What characteristics of MTO SMEs that may affect WLC
implementation in practice can be identiﬁed?

 What are the implications of these characteristics for the
development of the WLC concept and strategy for its
implementation?
Semi-structured face-to-face interviews have been conducted
with 41 companies using an interview protocol, as described
below. Each interview was conducted at the company’s production facility, providing additional insight into the company’s
operations.
3.1. Interview protocol
An interview protocol consisting of 45 questions was designed
to collect consistent data across the cases on a wide range of
factors, including those identiﬁed in the literature review. The
factors are split into the following three groups:

 Customer enquiry and order entry-related issues: important PPC
stages for MTO companies yet the former is neglected in much





of the literature, e.g., planning at the customer enquiry stage
(Stevenson and Silva, 2008).
Order release-related issues: a fundamental element of most
WLC methods. Factors include: production process and product-related issues, as studied by Perona and Miragliotta
(2000) and included in the suitability criteria presented
by Henrich et al. (2004a), e.g., shop ﬂoor conﬁguration and
job size and variability.
Organisational embedding-related issues: important for the
implementation of any new initiative and included in comparative case study analysis, such as by Hendry et al. (2008),
e.g., awareness of the concept (WLC) and meeting the system
data requirements.

Tables 1–3 summarise key factors incorporated in the interview protocol and outline the implications for WLC. An example
of a previous study which has identiﬁed the issue is provided for
each factor.
3.2. Overview of cases
Fifty companies were invited to take part in this study and
almost all agreed to participate. Eleven of the companies had
worked with the researchers on previous projects while a small
database of company contact details was also obtained. From this
database, 39 companies were selected and 30 agreed to participate. Cases were chosen based on replication logic (Yin,
2003)—all 41 companies were SMEs, as illustrated in Fig. 1; and
all produced to-order (for 29, MTO and, for 12, ETO was the
dominant production strategy). In other words, all were companies where WLC was expected to be suitable (Henrich et al.,
2004a; Stevenson et al., 2005); all make-to-order and some (make
and) engineer-to-order. From Fig. 1 it can be seen that three of the
companies have more than 250 employees; however, all three
satisfy SME criteria for turnover. In other words, all 41 companies
have less than or equal to 250 employees and/or a turnover of less
than or equal to 50 million Euros.
Interviews were conducted with key personnel in a role of
relevance to the implementation of a new PPC concept. The role of
interviewees and number of cases were as follows: Managing
Director (9 cases); Operations Manager (12 cases); Sales/Customer Enquiry Manager (5 cases); Production and Procurement
Planner (10 cases); and Shop Floor Supervisor (5 cases). Where
possible, the opinions of the interviewees were validated with
quantitative evidence. The companies are active in a wide range
of industrial sectors; the most typical are: automotive; rail;
electronics; food and beverages; machine tools; chemicals;

Table 1
Customer enquiry and order entry-related issues.
Issue

Comments

Planning at the customer enquiry stage
(e.g., Stevenson and Silva, 2008)
Uncertainty at the customer enquiry stage
(e.g., Stevenson, 2006)

WLC can support the quotation procedure if its data requirements can be met. Previous attempts to implement
WLC have encountered a lack of formalised planning when quoting for new work.
This includes the strike rate or percentage of quotations that become conﬁrmed orders. The time between
submitting a quotation and receiving order conﬁrmation/rejection can also be highly uncertain, affecting other
enquiries.
Rush orders and high-priority jobs impact the performance of WLC, e.g., delaying the adherence of ‘normal’
orders.
Where demand is highly variable, the shop load can ﬂuctuate and capacity may be used (for example) on some
MTS items, changing the planning and control problem.
Includes all factors contributing to the overall delivery lead time of a job.

Rush order frequency and handling procedure
(e.g., Stevenson and Silva, 2008)
Demand variability (e.g., Hendry et al., 2008)
Lead times and variability (e.g., Land and Gaalman,
2009)
Communication internally and with customers
(e.g., Silva et al., 2006)

Previous attempts to implement WLC suggest it is becoming important to develop web-based systems that
provide greater interaction with customers. Providing internal access to the system across a network of
computers may also improve internal coordination during the customer enquiry stage (and at later planning
stages).
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Table 2
Order release-related issues.

Production characteristics

Issue

Comments

Shop ﬂoor conﬁguration (e.g., Perona and Miragliotta, 2000)

A strong dominant ﬂow has a detrimental effect on the
performance of some WLC methods. It may also be necessary to
cater for bottlenecks (whether stationary or ‘wandering’).
Complex product structures with interdependencies between
jobs on the shop ﬂoor (e.g., sub- assemblies) can affect the
performance of order release.
The performance of order release may be inﬂuenced by a wide
range of other factors (than assembly), e.g., disruptions on the
shop ﬂoor.
WLC requires a manageable number of capacity groups; hence,
machines may be grouped into work centres. This depends on
the number and interchange-ability of machines. Machine
characteristics may also lead to sequence dependant set-up
times.
WLC requires good estimates of capacity, e.g., to aid release.
Previous attempts to implement WLC have suffered from
difﬁculties in accurately estimating capacity, or from overly
complex capacity calculations.
Sufﬁcient ﬂexible output control measures, e.g., subcontracting,
overtime, alternative routings and the reallocation of operators,
are required, e.g., to aid release (and later for expediting jobs on
the shop ﬂoor).

Assembly operations and routing convergence (e.g., Perona and
Miragliotta, 2000)
Order release behaviour (e.g., Huang et al., 2008)

Machine characteristics (e.g., Perona and Miragliotta, 2000)

Capacity calculations (e.g., Stevenson, 2006)

Output control measures (e.g., Stevenson and Silva, 2008)

Product characteristics

Job size and variability (e.g., Henrich et al., 2004a)

Set-up and processing times (ratio) (e.g., Henrich et al., 2004a)

Routing lengths (e.g., Henrich et al., 2004a)

Jobs are usually only released if workload norms will not be
exceeded. When there is a mix of small and large jobs, large
jobs may be delayed as workload lengths may never be low
enough to allow them to be released.
For WLC to be effective, the total order processing time should
be greater than the set-up time (although short processing
times provide greater workload balancing).
Under the aggregate load oriented WLC method, long shop
ﬂoor routings would mean that a job contributes to the
workload of its downstream work centres at the moment of job
release even though it is unlikely to arrive before the next
release decision is made. High routing variability provides
more options for order release and workload balancing.

Table 3
Organisational embedding-related issues.
Issue

Comments

Pre-implementation performance
(e.g., Land and Gaalman, 2009)
Awareness of the WLC concept
(e.g., Stevenson and Silva, 2008)
End-user choice and training
(e.g., Hendry et al., 1993)
Implementation strategy and support
(e.g., Huang et al., 2008)
Company technology infrastructure
and planning procedures (e.g., Park
et al., 1999)
Meeting system data requirements
(e.g., Hendry et al., 2008)
Implementation start-up issues
(e.g., Bechte, 1988)

Provides an insight into the performance of companies without WLC.
Previous attempts to implement WLC have suffered from a lack of commitment on the part of individuals within the
company; this is partly because practitioners are often previously unaware of the WLC concept.
Previous attempts to implement WLC have suffered from the choice of an ill-informed end-user. The user must gain
sufﬁcient understanding of WLC to use the system effectively.
It is important to have managerial support, to assign a project champion, to increase the likelihood of successful
implementation.
WLC may have to interface with other systems and planning methods, e.g., impacting the source of data used by the
WLC system and the expectations of users.
The data requirements of the WLC concept must be met. This includes the effective feedback of information from the
shop ﬂoor, particularly if continuous release is to be used.
It takes time to get the data in the system up-to-speed and to gain control of the hierarchy of workloads. An iterative
approach to determining many of the parameters underpinning the methodology is often adopted (e.g., maximum
workload lengths).

aerospace and defence; and industrial equipment. The supply
chain positions of the companies were: OEM, close to the endcustomer (13 cases); tier-one supplier (15 cases); tier-two supplier (10 cases); and raw material provider (3 cases).

4. Cross-case analysis
The following subsections are organised around Tables 1–3
and discuss characteristics of the 41 MTO SMEs. Each subsection
concludes with a brief description of its contribution to the
research agenda and implementation strategy summarised

in Section 5. Note that the research agenda and implementation
strategy have been developed simultaneously. Hence, in response
to some of the characteristics encountered, it is recommended in
the research agenda that the theory underpinning the WLC
concept is moved closer to common practice in MTO SMEs while
for other characteristics, it is recommended in the implementation strategy that organisational change takes place to move
common practice in MTO SMEs closer to the theory underpinning
WLC. The former is recommended where existing processes are
‘good’ (or appear difﬁcult to change) and fundamental WLC
principles will not be undermined; the latter is recommended
where fundamental WLC principles are involved.
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Fig. 1. Company size: (a) number of employees and (b) turnover (T: £m).

4.1. Customer enquiries and order entry-related issues
A comprehensive WLC concept requires detailed information
on customer enquiries, e.g., on processing and set-up times and
routings, in order to determine feasible DDs using a formalised
planning approach. Therefore, it is important to understand the
amount of data routinely available in MTO SMEs prior to order
entry. It is argued that this is likely to be inﬂuenced by the ratio
between new and repeat business; for example, there is a greater
incentive to record data at the customer enquiry stage when a
large proportion of the workload is repeat business as the data
will be reusable. While all 41 companies produce on receipt of a
customer order, over half (22 cases) acknowledged that at least
50% of the order book is made up of repeat orders. Only 4 cases
claimed that every order is different. Despite the level of repeat
business in many of the cases, little detailed planning currently
takes place at the customer enquiry stage. This lack of planning
may be explained by the fact that, in 36 cases, customers
generally dictate or propose DDs. Only 3 cases claimed that
detailed planning takes place to determine realistic DDs; in most
cases, only very rough planning takes place. For example, in 13
cases, DDs are set or checked based on experience; in 14 cases, a
standard lead time (e.g., 3 weeks) is used when tendering or
checking the feasibility of a DD proposed by a customer. In light of
this evidence, an implementation strategy should put strong
emphasis on training (e.g., so personnel understand the importance of detailed planning at the customer enquiry stage—a core
element of a comprehensive WLC concept) and organisational
change; however, if this is not possible, research should investigate how the data requirements of WLC at the customer enquiry
stage can be reduced without affecting performance. While there
may be some scope to renegotiate unrealistic DDs, the emphasis
at order entry should be on providing decision support for
checking the feasibility of DDs proposed by customers. In other
words, on what-if scenario planning and determining how capacity can be redistributed to meet DD requests. This could build
on Corti et al. (2006) in which a heuristic based on Kingsman
(2000) was presented to support managers in checking DDs
proposed by customers.
The customer enquiry stage of WLC assigns a proportion of the
workload of prospective orders to the total workload of the shop
based on the strike rate or order winning probability (Kingsman
and Mercer, 1997), reﬂecting uncertainty at the customer enquiry
stage in terms of order conﬁrmation. Recent research has suggested that when the strike rate is low (e.g., 10%), and therefore
the contribution to the total workload is low, the strike rate can
be ignored (Silva et al., 2006; Stevenson, 2006). However, only
one company had a strike rate under 10%; in 25 cases, it was
claimed to be over 40%, while 4 cases claimed it to be over 80%.

This suggests that including the strike rate percentage is important in practice and underlines why formal planning at the
customer enquiry stage should be adopted. In addition, 28 cases
suggested that the time between submitting a tender and being
notiﬁed of acceptance/rejection is highly variable. This explains
why, where DDs are negotiable or can be deﬁned by the company,
a lead time (e.g., of ‘x weeks’ from receipt of order conﬁrmation) is
often quoted rather than a particular DD. This should be reﬂected
in the type of customer enquiry planning supported by WLC
(i.e., a focus on lead times rather than speciﬁc DDs).
Research has highlighted problems caused when ﬁrms receive
rush orders at short-notice with tight DDs. WLC has not been
developed to handle rush orders thus they affect the ability to
plan and control effectively, with knock-on effects for other jobs
(Hendry et al., 2008). In 30 cases, interviewees acknowledged a
high rush order arrival rate; a further 7 cases indicated that rush
orders occur but not regularly. This was a particularly notable
problem for upstream members of supply chains, highlighted by
all raw material providers and 8 out of the 10 tier-two suppliers.
Interestingly, none of the companies suggested that they would
reject a rush order. This suggests that WLC should be reﬁned to
improve its ability to handle rush orders while an implementation
strategy may require the involvement of customers, e.g., to
encourage them to provide suppliers with early-notice of future
orders where possible. Hendry et al. (2008) proposed reserving a
percentage of capacity for rush orders based on arrival intensity;
however, only 4 cases agreed that this would be an effective
solution—because the arrival pattern is too unpredictable to
know when capacity would be required. The most common
approach adopted in practice is to give priority to rush orders
(28 cases); the second most common is to renegotiate the DDs of
other jobs (23 cases; note that many companies use a combination of the two approaches). These two solutions are in line with
recent research by Huang et al. (2008) and Thürer et al. (2010).
First, Huang et al. (2008) proposed ‘impact analysis’ whereby the
impact of accepting a rush order on other jobs is evaluated, with a
view to renegotiating DDs where necessary; however, its effectiveness has not been assessed. Second, through simulation,
Thürer et al. (2010) demonstrated that giving priority to rush
orders in the pool is an effective solution; however, the solution
has not been implemented in practice.
In 33 cases, interviewees indicated that demand is variable/
highly variable, going through signiﬁcant peaks and troughs.
About half of the ﬁrms claimed that the current shop load was
‘good’ (i.e., machines are busy but not overloaded) while about a
quarter claimed the shop was overloaded and the rest claimed
that the shop was under-loaded. In 17 cases, interviewees
indicated that capacity is reduced during periods of under-load
(e.g., by shutting down some machines or reducing operator
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hours) while in 16 cases excess capacity is used on stock
replenishment orders. Hendry et al. (2008) previously highlighted
that in low-demand periods, excess capacity may be used on MTS
items, but that this changes the planning and control problem.
Clearly, many ﬁrms are not ‘‘pure MTO’’ and research should
investigate, e.g., through simulation, the impact of a hybrid MTO/
MTS strategy on the effectiveness of WLC. Land et al. (2010)
explored how to handle periods of overload to reduce tardiness
but periods of under-load should also be considered.
One contributing factor to overall (delivery) lead time, and
which relates to the pre-production lead time, was particularly
notable in the data: the D&E stage. In 15 cases, D&E was a
signiﬁcant contributor to the overall delivery lead time as orders
converge on D&E after order acceptance, as previously identiﬁed
by Land and Gaalman (2009). As may be expected, this was
particularly notable amongst ETO cases. This calls for further
research into the conceptual development of WLC to accommodate D&E. In 12 cases, it was suggested that D&E delays can be
predicted; therefore, one solution may be to create D&E as a
capacity constrained resource: the ﬁrst work centre in a job’s
routing, but simulation should investigate the effects of alternative solutions on performance. Land and Gaalman (2009)
explained that Bertrand and Muntslag (1993) had in fact previously proposed treating engineering as a separate ‘production’
unit in the planning framework of a company, but left the detail of
this to future research—this remains outstanding.
The ﬁnal consideration relates to the use of computers and the
Internet for internal and external communication during the
order process. Only two companies make no regular use of formal
communication mechanisms during the process while 26 use a
network of PCs for internal communication. While many companies use email to communicate with customers (26 cases)
and suppliers (23 cases), only two have websites through
which customers can place or track orders. Given that WLC
spans tendering, production planning, order release, etc,
software should be accessible by multiple internal users but
providing access to customers and suppliers is not a key issue
at present.

4.1.1. Contribution to research agenda and implementation strategy
The customer enquiry and order entry stages are considered
key control stages for MTO companies but, in this set of cases,
limited planning typically occurs and delivery terms are often
dictated by customers, with rush orders common. Future conceptual development of WLC should explore how data requirements at the customer enquiry stage can be simpliﬁed whilst still
providing good quality support for DD decisions; and how WLC
can be developed to best handle rush orders. Greater decision
support is also required to aid negotiations with customers and
determine how to redistribute capacity to meet tight DDs. Other
considerations include how hybrid production can be effectively
planned and controlled, how the D&E stage can be incorporated,
and at what point the strike rate percentage becomes signiﬁcant
(and important to incorporate in workload calculations).
Signiﬁcant training and organisational change is required
during the implementation process for formalised customer
enquiry management procedures to be successfully adopted in
many of these companies. An implementation strategy should
emphasise the importance of planning at the customer enquiry
stage and of ﬂexible resources to cope with demanding customers
at order entry. It should also involve customers to encourage
them to share information as early as possible, thereby facilitating
more proactive planning. Finally, at the pre-implementation
stage, WLC systems should be designed which are accessible to
multiple users.

695

4.2. Order release-related issues: production process and product
characteristics
4.2.1. Production process characteristics
Routing direction (part of shop ﬂoor conﬁguration) affects the
suitability of WLC order release methods, e.g., the aggregate load
approach (Oosterman et al., 2000). Many simulations focus on the
pure job shop with random routings (e.g., Land, 2006) but only
2 of the cases can be classiﬁed as a pure job shop. In 20 cases, the
shop can cope with routing variability but a dominant ﬂow
direction generally exists, i.e., a general job shop. In 18 cases,
only limited routing variation with a strong dominant ﬂow was
identiﬁed, i.e., a general ﬂow shop; in 1 case, a pure ﬂow shop was
evident. While it is implicit in some WLC research that the main
objective is to improve performance in pure job shops, this
evidence supports Enns’ (1995) argument that conﬁguration is
unlikely to lie at one of the extremes, and suggests performance
in the general ﬂow and general job shops should be the key
criterion.
In 30 cases, interviewees were able to identify a bottleneck
within the production process; and in 24 of these cases, the
bottleneck changes over time. This again has implications for the
choice of WLC release method; for example, if a method which
only controls the bottleneck is chosen (see, e.g., Glassey and
Resende, 1988; Philipoom et al., 1993; Enns and Prongue-Costa,
2002) it may be susceptible to the ‘wandering bottleneck’ problem. The data conﬁrms the signiﬁcance of bottleneck resources
and calls for more research into the effects of bottlenecks on the
performance of WLC and how bottlenecks can be overcome.
Moreover, either decision support is required to assist practitioners in choosing appropriate WLC methods for a given shop
ﬂoor or robust methods that work well across a range of
characteristics should be developed. The latter could use the
robustness index introduced by Cigolini et al. (1998).
Most WLC research neglects complex products and how to
coordinate release and production between sub-assemblies
before convergence on the ﬁnal assembly stage. The data highlights the signiﬁcance of product complexity: in 22 cases, the
typical product was complex with sub-assemblies. This was
particularly notable amongst OEMs (11 out of 13 cases) and tierone suppliers (9 out of 15 cases). A key question is whether all parts
should be released together or treated independently. Bertrand and
van de Wakker (2002) tested the impact of sub-assembly orders on
order release ﬁnding that performance is improved by releasing all
sub-assemblies at the same time compared to treating them
independently. More recently, Huang et al. (2008) suggested considering the structure of the end-product as a network: calculate the
critical path and focus efforts on the timely release and production
of critical path activities; however, the effectiveness of this has not
been validated. There is a need to conduct more research into the
impact of complex product structures on the performance of WLC
and to validate the solution proposed by Huang et al. (2008).
Much WLC research has focused on rational order release (or
pool selection) rules in which it is assumed orders are released
according to, e.g., earliest DD (e.g., Weng et al., 2008) or planned
release date (e.g., Henrich et al., 2006); however, little is known
about the release behaviour of planners in practice. Encouragingly, the most important release criterion in the cases is the DD
of jobs (considered the most important criterion in 31 cases) but
current machine loads are rarely considered (the most important
criterion in only 1 case). Overall, the second most important
criterion is job size/complexity; third is the importance of the
customer; fourth is the availability of materials/tooling; and ﬁfth
is the proﬁtability of a job. This suggests that typical release
procedures differ from WLC principles and that signiﬁcant training and organisational change may be required to successfully

696

M. Stevenson et al. / Int. J. Production Economics 131 (2011) 689–700

implement WLC at the order release stage. Future research should
investigate the inﬂuence of release criteria typically adopted in
practice on the performance of order release. This could build
on Bertrand and van Ooijen (2008) who focused on ﬁnancial
considerations at order release, demonstrating that controlled
order release can reduce total costs, such as WIP and late delivery
costs. In addition, interviewees also identiﬁed issues that affect
the release timing of other jobs; most notably, disruptions on the
shop ﬂoor, i.e., events which slow the progress of orders already
on the shop ﬂoor meaning other jobs may be held back in the pool
for longer than anticipated. These include: a rush order taking
priority over another job; a subcontracted operation taking
longer than expected; and, production errors leading to rework
or the release of an additional production order (to make-up the
quantity). Future research should consider the effects of such
events after release on the performance of WLC. Furthermore, the
reference to subcontract delays highlights the inﬂuence of issues
beyond the boundaries of the ﬁrm on PPC but supply chainrelated issues have been neglected in the WLC literature.
Recent research has begun to investigate other practical issues
affecting order release, including the impact of machine characteristics: most notably in the context of sequence dependent setup times (e.g., Kim and Bobrowski, 1995; Fernandes and CarmoSilva, in press) and grouping machines (Henrich et al., 2004b,
2006, 2007). For example, Fernandes and Carmo-Silva (in press)
found that release frequency and shop load affect whether local
control (at dispatching) leads to better or worse results than
central control (at order release) when set-up times are sequence
dependent, but only in a pure ﬂow shop. Henrich et al. (2004b)
found that feedback requirements from the shop ﬂoor to support
order release can be reduced by grouping machines into work
centres and controlling the work centre load rather than each
machine. In 25 cases, sequence dependent set-up times are an
important issue while, in 37 cases, machines are grouped into
work centres. Groupings are generally based on machine interchange-ability; a secondary consideration is the operator responsible for the machines (machines with common operators may be
grouped together). This conﬁrms the importance of these two
issues to MTO SMEs but further research is required, e.g., to
extend Fernandes and Carmo-Silva’s (in press) study to shop
conditions more typical of MTO SMEs.
The performance of WLC in practice, including order release,
requires a good understanding of capacity and its ﬂexibility. Most
WLC simulations assume capacity is evenly distributed across
shop ﬂoor resources, constant from one day to the next, and
constrained by machine hours only; there is little research, for
example, into Dual Resource Constrained (DRC) shops. However,
in just 10 cases is capacity thought to be constrained by machine
hours only; in 13 cases it is constrained by operators; and, in the
remaining 18 cases, a combination of labour and machines. This
demonstrates that capacity is more sophisticated in MTO SMEs
than is typically modelled in WLC simulations and calls for more
research into the performance of WLC in DRC shops.
The main output control measures suggested in WLC research
are: reallocating operators from under-loaded to overloaded work
centres; re-routing jobs; overtime; and subcontracting an operation or job. The ﬁrst two are generally recommended over the
latter two given that they are less costly (Kingsman, 2000). The
data suggests overtime is the most commonly used output control
measure in practice (used in 37 cases), sometimes at short-notice
(23 cases) but sometimes only if agreed far in advance (14 cases).
In addition, reallocating operators, re-routing jobs and subcontracting are also commonly applied (in 23, 7, and 14 cases,
respectively). Hence, the practice of MTO SMEs is in line with
the literature although the focus is on overtime, which is not
always as immediately available or ﬂexible as in many

simulations. Future research should give more attention to the
effects of output control decisions on production costs (e.g., the
cost of producing on-time) and the degree of capacity ﬂexibility
on the performance of WLC. The latter could revisit the work
of Park and Bobrowski (1989) and Bobrowski and Park (1989)
which showed that ﬂexible workers have a positive effect on shop
ﬂoor performance.
4.2.2. Product characteristics
Order release performance is affected by job size and variability; for example, when there is a mix of small and large jobs it
can be difﬁcult to release large jobs effectively (Silva et al., 2006;
Stevenson and Silva, 2008). In the data from the 41 cases, as with
the customer enquiry stage, variability also affects order release;
for example, there is high variability for the total work content
and throughput time of jobs. This conﬁrms that job size variation
is common in MTO SMEs and research should investigate its
inﬂuence on performance. Thürer et al. (2010) found that giving
priority to large jobs at order release signiﬁcantly improves the
performance of large jobs with only a minor performance loss for
small jobs but ﬁeld research is required to conﬁrm the effectiveness of this solution in practice. Some processing time variability
across jobs at a particular work centre and across work centres for
a particular job is also common in the cases. Henrich et al. (2004a)
indicated that high variability for the former can be accommodated by WLC but variability in the latter limits workload
balancing opportunities. The authors also emphasised the importance of the ratio between processing and set-up times; for WLC
to be effective, the total order processing time should be much
greater than the set-up time. For 27 of the cases, this criterion is
satisﬁed; in the other 14 cases, there would be a need to reduce
set-up times before WLC could be implemented effectively. Note
that, in 12 of the 14 cases, interviewees believed that set-up time
reduction would be possible.
Finally, most simulations assume jobs only visit a machine
once (i.e., no re-entrant loops) and that the number of machines is
limited to six, according to the job shop model introduced
by Melnyk and Ragatz (1989), or at most 12 (e.g., Cigolini and
Portioli-Staudacher, 2002). Hence, the routing length is typically
limited to a maximum of six operations. Yet, the case study data
indicates that the routing length can be considerably longer. The
average typical routing length of a job across the 41 interviews is
11 operations. The majority of typical routing lengths are below
15; however, there is a long tail. While the minimum routing
length is 2, the longest is 28 operations. Future research should
explore the performance of WLC order release mechanisms when
routing lengths increase.
4.2.2.1. Contribution to research agenda and implementation strategy.
The discussion above underlines differences between the production process and product characteristics of MTO SMEs and of
simulation models used to test and reﬁne WLC, conﬁrming many
of the ﬁndings in Perona and Miragliotta (2000). This provides a
starting point for developing more realistic models. For example,
while many simulations focus on the pure job shop, the general
ﬂow and job shops are more typical of MTO SMEs. This has
implications for developing more complex and realistic simulation models and developing a robust WLC concept to handle the
complexities of real-life production environments, including dual
resource constraints, assembly requirements, sequence dependent set-up times, ﬁnancial considerations, etc. Human factors
should also be given greater consideration. The most notable
contribution thus far was made by Bertrand and van Ooijen
(2002) who concluded that the WIP level inﬂuences worker
productivity and thus processing times, arguing that WLC can
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maintain WIP at the optimal productivity level. There is scope for
further work into human factors, including into the order release
behaviour of real-life planners.
WLC is a leading solution for stabilising throughput times;
given that many of the companies noted considerable variation in
shop ﬂoor throughout times; it could be argued that many would
beneﬁt from WLC. However, the discussion also highlighted a
poor ﬁt with many of the other ideal company characteristics for
WLC outlined in Henrich et al. (2004a)—WLC principles would
represent a signiﬁcant change to current order release procedures
in many of the cases. In some companies, it may be possible to
improve the ﬁt during implementation, e.g., by reducing set-up
times, but an implementation strategy should begin by assessing
the suitability of WLC and to what extent ﬁt can be improved and
then maintained.

4.3. Organisational embedding-related issues
It is widely accepted that customers are becoming increasingly
demanding in terms of shorter lead times, more customised
products, and perhaps most importantly: more reliable delivery
performance. In general, (pre-implementation) delivery performance of the companies is poor. In 17 cases, less than 60% of
orders are delivered on-time and, in 6 cases, less than 40%. In only
9 cases was on-time delivery performance over 80%; hence, there
is a clear need to improve performance. Therefore, it is argued
that many of the companies would beneﬁt from WLC, given that it
has the potential to improve delivery performance. However,
given that previous attempts to implement WLC have suffered
from a lack of commitment towards implementation within the
company, it is important to explore other factors that may serve
to motivate WLC adoption.
A lack of motivation may be due to low awareness of WLC in
practice (Stevenson and Silva, 2008). In the case study data, the
most recognised PPC-related concept is lean, including Kanban
(27 cases) and the second most is MRP (25 cases) yet neither is
considered highly suitable to MTO companies (Stevenson et al.,
2005). Ten interviewees claimed to be aware of WLC; however,
7 had taken part in a previous project that introduced them to
some WLC principles thereby inﬂating this ﬁgure. Overall, the
data supports the claim that WLC is not well recognised by
practitioners. To improve the likelihood of successful implementation, awareness of WLC in practice should be increased. Highlighting similarities between WLC and the universally recognised
lean philosophy (e.g., variance control: Hopp and Spearman,
2004) may encourage practitioners to engage with the concept.
Interviewees were asked to identify critical success factors for
PPC implementations. The most important factors included:
strong leadership and championing; selecting an appropriate
end-user for the system; clear understanding of the concept
within the company; and, regularly monitoring the performance
of the project and PPC system. This conﬁrms the importance of
issues relevant to the implementation of any new initiative, e.g.,
project management and performance measurement, and the
importance of choosing an appropriate end-user (Hendry et al.,
1993) and providing training (Stevenson and Silva, 2008;
Stevenson et al., 2009). In addition, top management support
followed by anticipated beneﬁts were the two most cited reasons
for adopting a new initiative; hence, it is important to gain top
management support and ensure key actors are aware of the
beneﬁts WLC would bring to them and the company as a whole.
Such issues are not described in the WLC literature but are well
understood in the wider literature, such as on ERP implementation (e.g., Sumner, 2000; Hong and Kim, 2002; Mandal and
Gunasekaran, 2003).
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Previous research has demonstrated that WLC may need to be
embedded alongside existing formal planning and control procedures within an organisation, e.g., which have only recently
become accepted in a company or appear to work well, such as
a recently implemented ERP system (Hendry et al., 2008) or
Drum-Buffer-Rope approach (Riezebos et al., 2003). However, this
is only a key consideration in a minority of cases—in many of the
ﬁrms, informal processes that could be replaced by WLC are
currently used. Many cases rely on a combination of: informal
discussions between the operations manager and shop ﬂoor
supervisor to establish production priorities (23 cases); a notice
board to highlight key orders or list WIP (15 cases); and a
spreadsheet of orders and DDs to plan and monitor performance
(13 cases). Hence, although formally adopting WLC would require
signiﬁcant organisational change, it could replace these methods.
However, in 14 cases, MRP is used and, in 6 cases, a state-of-theart ERP system is used, conﬁrming that WLC may need to be
embedded within the existing working practices and systems of
an organisation. Fandel et al. (1998) reported that LOOR is
included in 28% of commercially available PPC and ERP systems;
therefore, research should investigate previous experiences with
LOOR and ERP to aid future implementation efforts where WLC
and ERP need to be integrated.
Timely feedback of information from the shop ﬂoor to the
central planning function where order release takes place is
important if release decisions are to be made based on up-todate information on the current loads of work centres. If information feedback is slow, periodic release methods must be implemented; continuous release would be infeasible. In 24 cases,
information is informally fed-back verbally from operators to
the shop ﬂoor supervisor back to production planners while many
cases also use route cards; 2 cases indicated order progress
information is not fed-back until an order has been delivered.
Bar coding is used in just 8 cases and RFID in only 1 case. This
suggests that, in many companies, the speed of information
feedback is unlikely to be quick enough for continuous release
methods to be implemented. Given that continuous release
methods have been shown to outperform periodic methods
(e.g., Hendry and Wong, 1994; Sabuncuoglu and Karapinar,
1999), research should seek to improve the performance of
periodic methods or implementation must include considerable
investment in technology.
Finally, a key implementation start-up challenge is how to set
WLC parameters, particularly workload norms, for two reasons.
First, because practitioners may be previously unaware of WLC
and unfamiliar with the process of setting WLC norms; and
second, because the shop may be overloaded prior to implementation, meaning tight norms can be difﬁcult to introduce. Given
that approximately 25% of the companies are currently overloaded, gaining control may take time. Implementation could
therefore begin by setting loose or inﬁnite workload norms during
implementation before gradually tightening them over time postimplementation. Only limited research into WLC parameter setting has been conducted (e.g., Perona and Portioli, 1998;
Breithaupt et al., 2002; Land, 2006; Thürer et al., 2011); given
the lack of awareness regarding WLC previously identiﬁed,
greater support for practitioners in setting parameters is required.
4.3.1. Contribution to research agenda and implementation strategy
This subsection has highlighted a number of factors which
must be considered if WLC is to be implemented successfully.
Issues relevant to the implementation of any new initiative, such
as top management support, are important but also more speciﬁc
WLC issues, such as how to embed WLC within the established
planning procedures of the company, feedback information from
the shop ﬂoor, and set appropriate parameters, e.g., workload
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norms. This conﬁrms the relevance of many of the ﬁndings
in Hendry et al. (2008) to a larger number of companies. Training
is also required to educate users of WLC systems; this could
build on the training tools provided by Wiendahl et al. (1995)
and Stevenson et al. (2009).

5. Summary of research agenda and implementation strategy
The above evidence arguably suggests a misalignment
between theory and practice, partly explaining why implementation is so challenging; hence, there is much scope for improving
the ﬁt between MTO SMEs and WLC. But this is not a one-way
relationship: the concept can be reﬁned closer to the needs of
practitioners but organisational change may also be required. An
agenda for developing the WLC concept is summarised below
before Section 5.1 outlines an initial high level implementation
strategy, incorporating elements of organisational change:

 Customer enquiry stage: Many of the companies would struggle







to adopt the customer enquiry management practices of WLC.
Research should explore how data requirements at the customer enquiry stage can be reduced whilst still providing
realistic delivery lead time estimates.
Order entry: For many companies, delivery terms are dictated
by customers while short-notice rush orders are common.
Greater decision support should be provided for negotiations
with customers, e.g., to assess the feasibility of DDs proposed
by customers and the impact of rush orders with tight DDs on
other jobs, identifying where possible how capacity can be
adjusted to improve performance.
Design and Engineering: D&E can be a signiﬁcant contributor to
the overall delivery lead time. Research should assess how D&E
activities can be incorporated within the concept, both when
quoting lead times at the customer enquiry stage and beyond.
Order release: The current workloads of resources are rarely
considered when planners make release decisions in practice.
Research should investigate how the release behaviour of
planners in practice inﬂuences the performance of WLC order
release methods, e.g., considering ﬁnancial aspects of orders
and customer importance. The inﬂuence of sub-assemblies,
hybrid production strategies, sequence dependent set-up times
1. Pre-Implementation: Diagnosis Phase

2.

1.
2.
3.
4.
5.
6.

Conceptual developments proposed in response to the above
can be initially tested through simulation. While we acknowledge
that simple models make it easier to diagnose the inﬂuence of
speciﬁc factors on performance, the characteristics of real-life
MTO SMEs (e.g., ﬂow characteristics, routing lengths, resource
constraints, etc) should be considered in the design of these
experiments in order to bridge the gap between theory and
practice.
5.1. An implementation strategy for WLC
To successfully implement WLC in practice it is necessary to
consider three stages: the initial pre-implementation stage; the
implementation process; and post-implementation. Note that
the third stage (post-implementation) was not considered in the
steps speciﬁc to LOMC outlined by Wiendahl (1995). Each is
outlined below before an overall strategy is summarised in Fig. 2.
This strategy provides an overview of the implementation process
for WLC; it is a starting point for the development of a more
detailed roadmap to support WLC implementation.
(1) Pre-implementation (diagnosis phase): The ﬁt between the
company and concept should be assessed, e.g., using criteria
outlined in Henrich et al. (2004a). This may also involve
evaluating the current soft/hardware infrastructure and
developing WLC software to support implementation. Commitment to the project, current business processes and prior
logistic performance should also be considered.
(2) Implementation process (theory and practice alignment): If
implementation is to go ahead, this should include closing
gaps between theory and practice. Organisational change may
include grouping machines into a manageable number of
work centres (based on interchange-ability), improving the
ﬂow of information (e.g., bar code scanners) and reducing setup times. Appropriate aspects of the concept should be
selected and conﬁgured; for example: order release mechanisms (considering, e.g., bottlenecks, ﬂow direction, etc.) and
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and shop ﬂoor disruptions on order release should also be
given greater attention. In doing so, robustness to shop ﬂoor
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Fig. 2. Implementation strategy for WLC.
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initial parameters (e.g., capacity estimates, output control
measures, and workload norms). WLC principles may be
embedded within existing procedures (e.g., ERP, DBR, etc.)
while appropriate end-users must be chosen, trained and
given access to the system. Raising awareness and training
employees at all levels of the organisation must be undertaken; where possible, this should be extended to customers.
The WLC system must be brought ‘up-to-speed’ with the
current order book and shop ﬂoor status. Strong leadership
and project management skills are required throughout.
(3) Post-implementation (sustain and improve control): This must
focus on: monitoring the performance of the company and
WLC system in terms of WIP, throughput, throughput times,
ease of use, etc.; sustaining use of WLC over time; and
revisiting parameters as appropriate, e.g., to tighten workload
norms or adjust capacity estimates.

6. Conclusion
It has been argued in the literature that Workload Control (WLC)
is of particular relevance to Make-To-Order (MTO) companies and
Small and Medium sized Enterprises (SMEs) (Henrich et al., 2004a;
Stevenson et al., 2005; Land and Gaalman, 2009). Yet few successful
implementations of WLC in MTO SMEs have been reported. This
paper contributes to the available literature by highlighting characteristics of MTO SMEs that may affect the implementation of WLC
in practice based on evidence collected through semi-structured
interviews with 41 companies. In doing so, it builds on comparative
WLC case study analysis (e.g., by Hendry et al., 2008) and WLC
implementation procedures (e.g., by Wiendahl, 1995),
It is concluded that WLC has the potential to improve the PPC
practices of MTO SMEs, including many of the cases described in
this paper; however, it is also clear that there is much scope for
further research in order to improve the ﬁt and successful
implementation of WLC in practice. The data paints a complex
picture of MTO production and suggests that research is likely to
be required to move theory closer to practice and organisational
change to move practice closer to theory. The former is recommended where processes perform well or appear difﬁcult to
change; the latter is recommended where fundamental WLC
principles are involved. Elements of the WLC concept that can
be reﬁned to improve alignment between theory and practice –
covering the customer enquiry, order entry, design and engineering and order release stages – have been identiﬁed; and an
initial strategy for the implementation of WLC – covering preimplementation, implementation and post-implementation
stages – has been proposed. Given the wide range of characteristics identiﬁed, it is argued that, for a WLC concept to be
effective, it should be robust to different conditions but also
ﬂexible so that appropriate elements can be selected and
embedded within existing ‘good’ company practices.
Three key future research directions emerge from this study.
First, although simple models enable the performance effects of
individual factors to be diagnosed, the characteristics of MTO
SMEs identiﬁed should be used to develop more realistic simulations for testing conceptual developments. Second, while data on
more companies than in previous WLC studies has been presented, future research could condense the structured interview
protocol and use it as the basis for collecting an even larger data
set on the characteristics of MTO SMEs through survey research.
Statistical analysis could then be performed to validate the
ﬁndings of this study. And, third, ﬁeld research should apply
and extend the initial implementation strategy presented in order
to develop a more detailed roadmap for successful WLC implementation in practice.
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